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Rayleigh fit test
Ø PRINCIPLE: comparison of lidar signals in clean air ranges with the calculated signals from air density, the 

Rayleigh (molecular) backscatter is the only absolute calibration of lidar signals.
Ø METHOD: in a well-calibrated LiDAR system, the measured backscatter profile from the atmosphere at high 

altitudes (where aerosol contribution is minimal) should match (be “fitted” by) the theoretical Rayleigh 
profile. 

Ø ANY DEVIATION from this expected profile can indicate calibration errors, optical misalignment, or system 
performance issues.
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Characteristics of the lidar signal and consequences
High dynamic range. It spans within several order of magnitudes. The high dynamic range of near to far range signals can 
cause a too high signal-to-noise ratio or signal distortions in the far range (analogue signals) with uncertainty in the 
Rayleigh calibration and/or overload of the signal in the near range (photon counting saturation). 

see: Freudenthaler, V., Linné, H., Chaikovski, A., Rabus, D., and Groß, S.: EARLINET lidar quality assurance tools, Atmos. Meas. Tech. Discuss. [preprint], 
https://doi.org/10.5194/amt-2017-395, in review, 2018.
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see:
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Lidar equation

Elastic backscattering

Raman backscattering
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P(l,r) light power measured from range r at wavelengh l
lL laser wavelength, l Raman wavelength
A receiver effective area 
PL laser transmitted power
c light speed, td dwell time
c(r) overlap function, c(r) = 1 above full overlap altitude
z(l ) efficiency (receiver, detection) at a wavelength l
b backscatter coefficient at a wavelength (sum of molecules and aerosol contributions)
a extinction coefficient at a wavelength (sum of molecules and aerosol contributions)
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Lidar equation

Raman backscattering
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A receiver effective area 
PL laser transmitted power
c light speed, td dwell time
c(r) overlap function, c(r) = 1 above full overlap altitude
z(l ) efficiency (receiver, detection) at a wavelength l
b backscatter coefficient at a wavelength (sum of molecules and aerosol contributions)
a extinction coefficient at a wavelength (sum of molecules and aerosol contributions)

In the far range, all factors in red are constant

Elastic backscattering
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The theory
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molecular backscatter

molecular extinction

 pressure p, temperature T , range r, height z, constants Bs, kbw, C

r: range 

measured range corrected elastic lidar signal 

attenuated molecular backscatter coefficient

In the far range, in aerosol free conditions
for a generic wavelength l:  

Telescope
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The theory
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molecular backscatter

molecular extinction

 pressure p, temperature T , range r, height z, constants Bs, kbw, C

Tilted telescope

g
r: range z: altitude 

𝑟 =
𝑧

cos 𝛾

measured range corrected elastic lidar signal 

attenuated molecular backscatter coefficient

In the far range, in aerosol free conditions
for a generic wavelength l:  
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𝛽!(l, 𝑧) = 𝐵"(l)
𝑝(𝑧)
𝑇(𝑧)

molecular backscatter

𝛽!(l, 𝑧) = 𝑁(𝑧)𝜎#(𝜆)

A. Bucholtz, "Rayleigh-scattering calculations for the terrestrial atmosphere," Appl. Opt. 34, 2765-2773 (1995)

Wynn L. Eberhard, "Correct equations and common approximations for calculating Rayleigh scatter in pure gases and 
mixtures and evaluation of differences," Appl. Opt. 49, 1116-1130 (2010)

How to calculate the molecular attenuated backscatter signal/1
Pressure and temperature profiles can be obtained from radiosondes or models.

sR(l) is the total Rayleigh scattering cross section per molecule  
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• rn(l): depolarization factor, due to the anisotropy of the air molecules

• Ns molecular number density for standard air (2.54743 x 1019 cm-3)

• nl refractive index for standard air at l
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Where atmospheric models can be found?

Cloudnet (https://cloudnet.fmi.fi/ ) provides models for a station:
Ø directly through website GUI in case of a CloudNet station
Ø through API for all the stations registered to the SCC, selecting the 

model or all the available models for the station:
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Where atmospheric models can be found?

Cloudnet (https://cloudnet.fmi.fi/ ) provides models for a station:
Ø directly through website GUI in case of a CloudNet station
Ø through API for all the stations registered to the SCC, selecting the 

model or all the available models for the station:
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Where atmospheric models can be found?

Cloudnet (https://cloudnet.fmi.fi/ ) provides models for a station:
Ø directly through website GUI in case of a CloudNet station
Ø through API for all the stations registered to the SCC, selecting the 

model or all the available models for the station:
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Where atmospheric models can be found?

Cloudnet (https://cloudnet.fmi.fi/ ) provides models for a station:
Ø directly through website GUI in case of a CloudNet station
Ø through API for all the stations registered to the SCC, selecting the 

model or all the available models for the station:

Documentation at: https://docs.cloudnet.fmi.fi/api/data-portal.html

14

https://docs.cloudnet.fmi.fi/api/data-portal.html
https://docs.cloudnet.fmi.fi/api/data-portal.html
https://docs.cloudnet.fmi.fi/api/data-portal.html
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Cloudnet (https://cloudnet.fmi.fi/ ) provides models for a station:
Ø directly through website GUI in case of a CloudNet station
Ø through API for all the stations registered to the SCC, selecting the 

model or all the available models for the station:

Documentation at: https://docs.cloudnet.fmi.fi/api/data-portal.html

Examples:
https://cloudnet.fmi.fi/api/model-files?site=potenza&date=2025-02-03&allModels

https://cloudnet.fmi.fi/api/model-files?site=lindenberg&date=2021-02-
03&model=gdas1  

Where atmospheric models can be 
found?

https://docs.cloudnet.fmi.fi/api/data-portal.html
https://docs.cloudnet.fmi.fi/api/data-portal.html
https://docs.cloudnet.fmi.fi/api/data-portal.html
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How to calculate the molecular attenuated backscatter signal
Pressure and temperature profiles can be obtained from radiosondes or models.

Comparison between p and T profiles 
obtained from radiosoundings on site at 
CIAO (Potenza), radiosounding at Galatina 
(Lecce), 100km far, ECMWF forecast 
model, Standard atmosphere.  

07/09/2023 12:00UTC



Atmospheric Remote Sensing observation: labs maintenance and methods – Tito (PZ) – 14-16 July 17

GDAS GDAS

ECMWF ECMWF

387 far-range

Provided by Julian Hofer (Tropos) and Nikolaos Siomos (LMU)

Effect of the of the model
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607 far-range

GDAS GDAS

ECMWF ECMWF

Provided by Julian Hofer (Tropos) and Nikolaos Siomos (LMU)

Effect of the of the model
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1064 far-range

GDAS GDAS

ECMWF ECMWF

Provided by Julian Hofer (Tropos) and Nikolaos Siomos (LMU)

Effect of the of the model
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rsem: relative standard error of the mean of 
the residuals between the normalized range-
corrected signal and the
molecular attenuated backscatter 
calculated inside the normalization range

rslope: slope of the residuals between the 
normalized range-corrected signal and the 
molecular attenuated backscatter
calculated inside the normalization range divided 
by its corresponding error
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How to calculate the molecular attenuated backscatter signal

The molecular attenuated backscatter can be related or not only to the Cabannes line, depending on the Interferential 
Filter bandwidth and central wavelength.

Transmittance curve of a Gaussian-shape 
filter with a receiving bandwidth of 0.5 nm 
(FWHM) for different wavelength-shifts (e.g., 
-0.5 nm, 0 nm, 0.5 nm) in respect to the laser 
wavelength of 532 nm

Fig. from Z. Kong et al., Opt. Express 31, 24897-24913 (2023)
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Effect of the of the IF central wavelength 
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Effect of the of the IF central wavelength 



Atmospheric Remote Sensing observation: labs maintenance and methods – Tito (PZ) – 14-16 July 24

Effect of the of the emitted wavelength, IF central wavelength and IF bandwidth 
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Which information can provide the Rayleigh fit test?
The Rayleigh-fit test provides a check for the far range accuracy measurements:
In particular:

Ø Misalignment of the laser beam

Ø Distortions in the analogue signal

Ø Errors: wrong background subtraction, too high discriminator level setting of the photon counters, and differences in 

the receiver optics. This can be obtained from the comparison of the signals at different wavelengths.

Ø Maximum channel height (connection with the max product height in the SCC)
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Rayleigh fit test: How does misaligned case looks like?

26
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Rayleigh fit test:
● How does misaligned case looks like?

27



Atmospheric Remote Sensing observation: labs maintenance and methods – Tito (PZ) – 14-16 July 28

Which information can provide the Rayleigh fit test?
The Rayleigh-fit test provides a check for the far range accuracy measurements:
In particular:

Ø Misalignment of the laser beam

Ø Distortions in the signal

Ø Errors: wrong background subtraction, too high discriminator level setting of the photon counters, and differences in 

the receiver optics. This can be obtained from the comparison of the signals at different wavelengths.

Ø Maximum channel height (connection with the max product height in the SCC)
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Signal distortions
355xcpr

è Signal distortions above 9 km, no clouds (photon channel)

1064xtax

è Significant electronic distortions

From Michael Haimerl presentation, 
ACTRIS Week 2024, CARS-ARES 

Workshop 
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Which information can provide the Rayleigh fit test?
The Rayleigh-fit test provides a check for the far range accuracy measurements:
In particular:

Ø Misalignment of the laser beam

Ø Distortions in the analogue signal

Ø Errors: wrong background subtraction, too high discriminator level setting of the photon counters, and differences in 

the receiver optics. This can be obtained from the comparison of the signals at different wavelengths.

Ø Maximum channel height (connection with the max product height in the SCC)
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Problems in background subtraction
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Problems in background subtraction

From Giuseppe D’Amico Training course 
on Preprocessing, Thessaloniki 2008
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Which information can provide the Rayleigh fit test?
The Rayleigh-fit test provides a check for the far range accuracy measurements:
In particular:

Ø Misalignment of the laser beam

Ø Distortions in the analogue signal

Ø Errors: wrong background subtraction, too high discriminator level setting of the photon counters, and differences in 

the receiver optics. This can be obtained from the comparison of the signals at different wavelengths.

Ø Maximum channel height (connection with the max product height in the SCC)
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How to perform the Rayleigh fit test

34

● Extended normal lidar measurement performed in clear atmospheric conditions and without 
cirrus clouds.

● Conditions must not change (daytime/nighttime)
● Same lidar setup as for normal measuring conditions. 
● Sufficiently long to improve SNR: at least 1 h measurement (recommended 10 seconds/profile). 
● In case of polarization channels, useful collect the Rayleigh signal in the calibration mode 

position (either +45° or -45°) to compare the two signals during the test analysis and to reduce 
the atmospheric variability.

● Dark signal before each test for all analogue channels (5-10 min as a general rule)
● Radiosonde data or model data must be provided.
● Use the far range signal (PC if analog and PC are glued, analog if the only available)

See: High Power Lidar: Standard Quality Assurance Procedures for NF operations at https://www.actris.eu/topical-
centre/cars/announcements-resources/documents
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Some critical issues
Clouds and Condensation Nighttime but daylight during the measuremnts

A typical good test
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With 10sec/profile irregularity otherwise smoothed can be evidenced 
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Laser stops and starts without wait the warmup time
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From Michael Haimerl presentation, ACTRIS Week 2024, 
CARS-ARES Workshop 

Signal distortions and interspersions
608xvan

355xcpt

è Interspersions by Walky-Talky and strong 
external power supply, electric interferences
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Rayleigh fit test:
● How does a well-aligned case looks like?
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Rayleigh fit test:
● Molecular mask -

statistical checks
● Derivative
● SEM
● Curvature
● Shapiro-Wilk
● Cross-check

41



THANKS!


